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Primary ciliary dyskinesia (PCD) is a genetic disease associated with abnormalities in ciliary structure and
function. Although recurrent respiratory infection associated with ciliary dysfunction is a common clinical
feature, there is no standardized treatment or management of respiratory infection in PCD patients. Here,
we report that respiratory infection with PCD and intralobar sequestration (ILS) were treated successfully
with clarithromycin before the surgical resection of ILS. A 15-year-old non-smoking Japanese woman was
admitted for productive cough and dyspnea on exertion. Chest CT scan on admission showed complex
cystic LESIONS with air-ﬂuid level in the right lower lobe, and diffuse nodular shadows in the whole lobe
of the lung. On ﬂexible bronchoscopy examination, sputum and bronchiolar ﬂuid cultures revealed
Staphylococcus aureus (S. aureus). An electron microscopic examination of the cilia showed inner dynein
arm deﬁciency. Administration of clarithromycin improved the lower respiratory tract infection associ-
ated with S. aureus. CT angiography after clarithromycin treatment demonstrated an aberrant systemic
artery arising from the celiac trunk and supplying the cystic mass lesions that were incorporated into the
normal pulmonary parenchyma without their own pleural covering. Based on these results, the patient
was diagnosed with PCD and ILS. Because of the clarithromycin treatment, resection of the ILS was
performed safely without any complications. Although further observation of clarithromycin treatment is
needed, we believe that clarithromycin may be considered one of the agents for treating PCD.
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Primary ciliary dyskinesia (PCD) is a relatively rare autosomal
recessive disease associated with defective ciliary structure and
function, in which defective cilia cause impairment of mucociliary
clearance [1]. PCD is characterized by recurrent respiratory tract
infections, sinusitis, bronchiectasis, male infertility and a random-
ization of the lefteright (LR) body asymmetry. In addition, PCD
occasionally coexists with other congenital diseases that require
surgical treatment, such as congenital heart disease [2]. Although
the non-infective condition is thought to be an important preop-
erative factor, there are no standardized treatments for recurrent
respiratory infection in PCD patients.ki-u.ac.jp (H. Tsubouchi).
Ltd. This is an open access article uBronchopulmonary sequestration (BPS) is a congenital malfor-
mation characterized by a mass of non-functioning lung tissue
separated from the normal bronchopulmonary tree and vascular-
ized by an aberrant systemic artery [3]. Intralobar sequestration
(ILS), a more common type of BPS, is an abnormal regionwithin the
normal pulmonary parenchyma without its own pleural covering
[3]. In patients with ILS, surgical intervention is recommended to
protect the lung parenchyma and to prevent possible complica-
tions, including hemoptysis [4], cardiovascular problems [5], and
recurrent respiratory infections [3,6]. Here, we describe a patient
with PCD and ILS in whom the respiratory tract infection was
treated by clarithromycin before surgical resection of the ILS.
2. Clinical report
A 15-year-old non-smoking Japanese female was admitted to
our hospital because of the symptoms of productive cough andnder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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She had been diagnosed with alopecia universalis as a 1-year-old,
and was hospitalized for 1e2 weeks for recurrent lower respiratory
tract infections at the ages of 1, 4, and 10 years old. At 12 years old,
she was treated for chronic sinusitis by antibiotics and some
mucolytic agents.
The physical examination on admission revealed a body tem-
perature of 36.6 C, blood pressure of 99/56 mmHg, and regular
pulse of 87 beats/min. The skin was normal apart from the absence
of hair, and lung auscultation revealed coarse crackles in the right
chest. The results of the laboratory data, an arterial blood gas
analysis on room air and a pulmonary function test on admission
showed a white blood cell count of 8800/mL; hemoglobin, 9.7 g/dL;
cold agglutinin  64; pH, 7.43; PaCO2, 42 Torr; PaO2, 96 Torr; vital
capacity (VC), 2.18 L; %vital capacity (%VC), 75.2%; forced expiratory
volume in one second (FEV1.0), 1.51 L; and forced expiratory volume
% in one second (FEV1.0%), 67.9%. Reversibility of airway obstruction
was not noted in the patient.
A chest X-ray revealed cystic changes with an air-ﬂuid level
localized in the right lower lung ﬁeld (Fig. 1A). The chest CT scan on
admission showed complex cystic lesions with an air-ﬂuid level in
the right lower lobe, and diffuse centrilobular nodules in the whole
lobe of the lung (Fig. 2A). On ﬂexible bronchoscopy examination,
sputum and bronchoalveolar lavage ﬂuid (BALF) cultures revealed
methicillin-sensitive Staphylococcus aureus (S. aureus) which was
sensitive to clarithromycin (the minimal inhibitory concentration
is < 2.0 mg/mL). The differential cell counts of BALF obtained from
the medial segmental bronchus and the CD 4/8 ratio were as fol-
lows: total cell count, 3.77  105/mL; alveolar macrophages,
2.46  105 (65.3%); neutrophils, 0.58  105 (15.4%); lymphocytes
0.73  105 (19.3%); and CD 4/8 ratio, 1.8. The pathologic examina-
tion of transbronchial lung biopsy (TBLB) specimens obtained from
the lateral segmental bronchus demonstrated noncaseating gran-
uloma in the alveolar spaces and neutrophil inﬁltration (Fig. 1B). No
acid-fast bacilli were detected by Ziehl-Neelsen staining of TBLB
specimens and culture of BALF. An electron microscopic examina-
tion of the biopsy specimens obtained from the bronchial mucosa
showed deﬁciency of the inner dynein arm in the cilia (Fig. 1C). LeftFig. 1. Chest X-ray on admission, and light microscopic and electron microscopic examination
(A) Chest X-ray shows cystic changes with an air-ﬂuid level localized in the right lower lun
Noncaseating granuloma in the alveolar space (left panel) and neutrophil inﬁltrations (arrow
Electron microscopic examination of transbronchial lung biopsy specimens. The cross-sectinasal polyps were detected by CT scan. Based on these ﬁndings, we
diagnosed the patient with PCD.
Treatment with clarithromycin (400 mg/day) was commenced 2
weeks after admission and was continued for 6 months. As a result
of the treatment, there was improvement in the patient's symp-
toms of productive cough and dyspnea on exertion, and in pul-
monary function (VC, 2.59 L; %VC, 87.2%; FEV1.0, 2.15 L; and FEV1.0%,
80.1%). In addition, the 6-month chest CT scan revealed that the
diffuse nodular shadows and the ﬂuid in cystic lesions were
diminished (Fig. 2B), whereas CT angiography demonstrated an
aberrant systemic artery arising from the celiac trunk and supply-
ing the cystic mass lesions with systemic blood ﬂow (Fig. 2C). The
cystic lesions were located in the normal lobe and lacked their own
pleural covering.
These results indicated that this patient, diagnosed with PCD,
was also affected by ILS. A right lower lobectomy and closure of the
anomalous systemic artery was performed by video-assisted
thoracic surgery. The aberrant artery arising from the celiac
trunk, and penetrating the right lower lobe, was detected in the
right pulmonary ligament. After isolation and cutting of the aber-
rant artery, a right lower lobectomy was performed.
The diagnosis of ILS with PCDwas based on themacroscopic and
microscopic appearance of specimens obtained from the patient's
resected lung that showed multiple cystic lesions without pleural
covering and an aberrant artery penetrating the right lower lobe
(Fig. 3A,B).
At present, 3 months after the surgery, the patient is free from
respiratory symptoms such as dyspnea and cough.
3. Discussion
We report the case of a patient with PCD and ILS treated with
long-term macrolides that improved her lower respiratory tract
infection. Whereas ILS should be resected due to potential com-
plications including hemoptysis, recurrent pneumonia, and
congestive heart failure [7e9], a standard treatment for recurrent
respiratory infections associated with PCD has not been deﬁned
[10]. In regard to the perioperative management of ILS, because theof transbronchial lung biopsy specimens of the patient, a 15-yr-old female nonsmoker.
g ﬁeld. (B) Light microscopic examination of the transbronchial lung biopsy specimen.
heads, right panel) are observed. Hematoxylin and eosin staining. Scale bars: 50 mm. (C)
on of cilia shows the absence of inner dynein arms.
Fig. 2. High-resolution CT of the thorax and CT angiography. (A) Chest CT on admission. The chest CT shows complex cystic lesions with a high air-ﬂuid level in the right lower lobe
and diffuse nodular shadows in the whole lobe of the lung. (B) Chest CT after 6-month administration of clarithromycin. Reductions in both diffuse nodular shadows and the ﬂuid in
the cystic lesions are observed. (C) CT angiography after 6-month administration of clarithromycin. The CT angiography demonstrates an aberrant systemic artery arising from the
celiac trunk and supplying the cystic mass lesions with systemic blood ﬂow.
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piratory events perioperatively, the control of the respiratory
infection is essential [11,12]. In the present case, we observed that
long-term macrolide administration was useful for the manage-
ment of the lower respiratory tract infection of a patient with PCD
and ILS.
The appearance of cystic changes is a feature of both PCD and
BPS including ILS [13,14]. With regard to the cause of cystic changes
in the right lower lobe in this case, we concluded that the cystic
changes in the right lower lobe were due to BPS, not due to PCD,
because of the absence of the connections of cystic lesions to
bronchioles in the gross appearance of the resected right lower lobe
and the conﬁnement of the cystic changes in the right lower lobe.
Bronchiectasis is a relatively frequent complication of lower
respiratory tract infection and is one of the common features of PCD
detected by chest CT. The presence of bronchiectasis in pediatric
PCD patients has been reported to be approximately 56%e73% [15].
In regard to the absence of bronchiectasis in our 15-year-old pa-
tient, we considered the possibility that the degree of recurrent
airway infections in PCD patients may be related to the type of
ciliary defect. Chilvers et al. reported different ultrastructural de-
fects responsible for ciliary malfunction. While the mean ciliary
beat frequency of healthy children was found to be 12.8/sec, the
mean ciliary beat frequencies were 8.1, 2.3, and 0.8 in patients with
an isolated inner dynein arm defect, isolated outer dynein armFig. 3. The pathology of the resected lung specimens. (A) Gross appearance of the resected r
an aberrant artery penetrating the right lower lobe. Bar scale: 10 mm. (B) Microscopic app
normal lobe and lacked their own pleural covering, and an aberrant artery was found in t
inﬁltrations of inﬂammatory cells in the wall of the cystic lesion (right panel; bar scale ¼ 2defect, and combined defects of inner and outer arms, respectively
[16]. Mucociliary clearance is a critical determinant of the host
airway defense against infection in PCD patients [17], and the
clearance is dependent on ciliary beat frequency [18]; thus, in PCD
patients with an isolated inner dynein arm defect, the degree and
incidence of bronchiectasis may be less severe and less frequent
compared to PCD patients with another type of ciliary defect.
Although a standard clinical approach to treatment of recurrent
respiratory tract infection in PCD patients has not been deﬁned, the
use of antibiotic therapy against themost frequently isolated agents
such as S. aureus, Streptococcus pneumoniae and Haemophilus
inﬂuenzae has been a common and effective treatment [19]. In the
present patient, we observed the considerable effectiveness of
clarithromycin against chronic lower respiratory infections. The
reasons for the successful treatment of the patient are thought to be
as follows: ﬁrst, S. aureus detected in the airway was sensitive to
clarithromycin (the minimal inhibitory concentration is < 2.0 mg/
mL). Second, macrolides including clarithromycin have the mech-
anisms of inhibition of mucus secretion [20] and the production of
proinﬂammatory cytokines, including interleukin (IL)-1, IL-6, IL-8,
and tumor necrosis factor-alpha (TNF-a) by suppressing the tran-
scription factor nuclear factor-kappa B (NF-kB) [21]. The long-term
administration of clarithromycin has been reported as an empiri-
cally effective treatment for respiratory tract infection in patients
with PCD and has been expected to have antimicrobial andight lower lobe. Cut sections show multiple cystic lesions without pleural covering and
earance of the resected right lower lobe. The multiple cystic lesions are located in the
he cystic lesion (left panel, bar scale ¼ 5 mm). The resected lung exhibited extensive
00 mm).
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in the respiratory tract [22]. Furthermore, Kido et al. reported
different ultrastructural defects responsible for clinical and radio-
logical improvements provided by clarithromycin treatment [23].
In that study, the patients with only an inner dynein arm defect had
a good response to clarithromycin treatment, but patients with
defects of inner and outer dynein arms showed no response. The
speciﬁc inner dynein arm defect of the cilia may also be the
contributing factor for the high sensitivity to clarithromycin
treatment in our patient.
Because of potentially serious late complications, including
fungal infection [24], massive hemoptysis [4], cardiovascular
problems [5], and recurrent respiratory tract infection, the surgical
resection of ILS is recommended [6,7]. Due to the association of this
surgery with adverse respiratory events, including airway
obstruction, sustained cough, and oxygen desaturation
(SpO2 < 95%), the control and prevention of respiratory tract
infection before the operation is essential [11,12]. In our patient,
clarithromycin was useful for the chronic respiratory infection.
With regard to the histopathological ﬁndings of the TBLB
specimen, we detected noncaseating granuloma formation with
neutrophil inﬁltration in the alveolar spaces. Ziehl-Neelsen staining
detected no acid-fast bacilli in the TBLB specimen, and the acid-fast
culture of her sputum and BALF were also negative. Although we
could not identify the pathogen, the noncaseating granuloma for-
mation in this TBLB specimen might be reﬂect the chronic lower
respiratory infection other than acid-fast bacilli. In regard to the
differential diagnosis of sarcoidosis, lymphatic distributions of
granulomas that are usually seen in the lung tissues in patients
with sarcoidosis, were not detected in this case.
Alopecia universalis, diagnosedwhen our patient was 1 year old,
is characterized by the rapid and total loss of scalp and body hair
[25]. Alopecia universalis is the most severe form of alopecia areata
caused by autoimmune abnormalities [25]. The genetic mutation
for autoimmune polyendocrinopathy syndrome type 1, a mono-
genic autoimmune syndrome caused by a defect in the autoim-
mune regulator gene on chromosome 21, is also associated with a
29%e37% prevalence of alopecia areata [26], and a strong associa-
tion between alopecia areata and trisomy 21 has been observed
[27]. Thus, the genes on chromosome 21 may have an important
association with the development of alopecia areata. To our
knowledge, although some genesd i.e., the human homologous
gene HDHC7 (renamed DNAH1) as well as DNAH5 and DNAI1, which
are located on 3p21, 5p15e14, and 9p13e21 [28e30], respective-
lydwere reported to be causative for PCD, there has been no
report that gene mutations of a PCD patient are linked to chro-
mosome 21. As no genetic test was performed in the present case,
the correlation between alopecia universalis and PCD is unclear.
In conclusion, we describe a patient with PCD and ILS who was
successfully treated with clarithromycin preoperatively. Although
PCD is a rare disease, it is necessary to accumulate evidence of
successful and unsuccessful treatments for recurrent respiratory
tract infections in PCD patients.
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